Abstract: Cutaneous Rosai-Dorfman disease (CRDD) is a rare proliferative disorder of histiocytes with unknown etiology, broadly different from systemic Rosai-Dorfman disease. We present the largest series of CRDD, describing the clinical manifestation, histopathology, immunohistochemistry, and follow-up course of 25 cases in China. Clinically, 39 skin lesions in 25 patients were divided into 3 main types: papulonodular type (79.5%), indurated plaque type (12.8%), and tumor type (7.7%). Extremities were the most frequently involved, followed by trunk and face. None of the patients was found to have visceral organ involvement or lymphadenopathy. Microscopically, CRDD was characterized by scattering, clusters or sheets of large polygonal histiocytes intermingled with a florid, mixed inflammatory infiltrate. The most important feature was emperipolesis, which can be highlighted by S-100 protein stain. Patch and bandlike infiltrate of numerous mature plasma cells around glands and vessels was a constant finding in all lesions. Neutrophils existed in all cases to a variable degree with 2 cases forming microabscess. Four cases were remarkable for fibrosis, and xanthomatous change was observed in 2 cases. Coexistence of localized Langerhans cell histiocytosis and CRDD was interestingly found in case 7, which was evidenced by CD1a stain. Clinical follow-up in 22 patients, ranging from 2 to 55 months, indicated that surgical excision was the exclusive effective treatment for CRDD. Partial or complete spontaneous remission was achieved in 7 patients within 6 to 55 months. Owing to its favorable outcome, CRDD should be differentiated from a variety of benign and malignant lesions. Recognition of its wide clinical spectrum and histologic features combined with S-100 protein stain can help to establish the correct diagnosis.
S
inus histiocytosis with massive lymphadenopathy (SHML) is a benign, idiopathic proliferative disorder of unknown etiology. First described in 1965 by Destombes 8 and then recognized as a distinct clinicopathologic entity by Rosai and Dorfman 27 in 1969, it is characterized by large, pale, S-100-positive histiocytes exhibiting emperipolesis and a mixed inflammatory infiltrate. Because lymph nodes are not always affected and any organ of the body may be involved, the designation Rosai-Dorfman disease (RDD) is preferred. Skin is the most frequently involved extranodal site, accounting for 11% of total cases. 4, 5, 10 Nevertheless, primary pure cutaneous Rosai-Dorfman disease (CRDD) is rare, with around 80 cases reported to date. 1, 2, 6, 7, 12, [14] [15] [16] 24, 25, [28] [29] [30] [31] [35] [36] [37] Documents with racial data and geographic distribution demonstrated that more than half of the cases occurred in Asian, among which 27 cases were reported in Taiwan by 2 different groups. 2, 14, 15, 24, 36 However, up to now, detailed analysis of CRDD has not been well documented in mainland of China which has the largest Asian population in the world. Herein, we provide our clinical, histologic, and immunohistochemical study of 25 cases with CRDD in China, which will also be the largest collection in the world. In addition, we propose 3 main types of clinical manifestation with pathologic correlation according to the spectrum of 39 skin lesions in 25 cases.
MATERIALS AND METHODS
A search of the authors' consultation, personal and departmental files disclosed a total of 25 cases of CRDD from 2001 to the present. Eight cases from Pathology Department of Cancer Hospital, Fudan University were previously reported in Chinese. 13 Formalin-fixed skin biopsy or resection specimens were routinely processed, embedded in paraffin, and stained with hematoxylineosin. Immunohistochemical procedure was performed on deparaffinized sections with Envision method using antibodies against the following antigens: S-100 protein, CD1a, CD68, lysozyme, CD3, CD45RO, CD20, and CD79a (all from Dako, Gene Company Ltd, Shanghai, China). Demographic feature, clinical presentation, histopathologic finding, available laboratory investigation, and follow-up course of each patient were meticulously reviewed and analyzed.
RESULTS

Clinical Findings
The clinical data of 25 CRDD cases are summarized in Table 1 . All the 25 patients were Chinese from 10 different provinces, with wide geographic distribution in mainland of China except for 1 from Hong Kong. The age at presentation varied from 21 to 70 years (mean age: 47.5 y), with a male to female ratio of 1.8:1. Single or multiple lesions were defined according to the number of affected anatomic sites. Thirty-nine lesions in 25 patients were distributed over extremities (16 lesions) , back (8 lesions), face (7 lesions), buttock (3 lesions), chest (2 lesions), abdomen (2 lesions), and neck (1 lesion). Skin lesions were confined to a single anatomic site in 15 patients, whereas multiple lesions affecting 2 or more different anatomic sites were observed in 10 patients.
Clinical morphology of all the 39 skin lesions could be divided into 3 main types:
(1) Papulonodular type: papulonodular type was the most common type in our series, found in 31 of 39 lesions (79.5%). It was characterized by clustering or satellite papules and/or nodules, up to 1.5 cm in diameter, with red, purple, or brown discoloration (Fig. 1) . Solitary nodule affecting single anatomic site was noted only in 1 patient. With development of the disease, papules and nodules could coalesce into dark-red to violaceous papuloplaques or noduloplaques with irregular surface, ranging from 2 Â 3 cm to 8 Â 12 cm in maximum dimension (Fig. 2) . Erythematous papuloplaque dotted with small papulovesicles and pustules was observed in 1 patient (Fig. 3) .
(2) Indurated plaque type: this uncommon type was seen in 5 lesions (12.8%). It usually presented as plane hyperpigmented plaque with a palpable infiltrated edge. Several brownish papules were scattered on the main lesion and in the periphery (Fig. 4) . The resected specimen grossly displayed extensive gray-white subcutaneous involvement (Fig. 5) .
(3) Tumor type: this rare manifestation occurred in 3 lesions (7.7%) of 2 patients. One patient presented with red or pinkish dome-shaped, exophytic large mass, measuring in 3 Â 4 Â 5 cm and 3.5 Â 5 Â 5.5 cm, surrounded by few papules. Central ulceration was formed in 1 lesion (Fig. 6 ).
All the patients underwent ultrasound or computed tomography scan, which revealed no abnormalities of visceral organs or lymphadenopathy apart from skin lesions. Three patients complained of itching and 1 had tenderness. A laboratory work-up showed elevated erythrocyte sedimentation rate, mild anemia, and increased IgA in only 1 patient. Antinuclear antibody and rheumatoid factor performed in 5 patients including the 1 who had joint pain were within normal limits.
Histopathologic Findings
Microscopically, the lesions were located either intradermally (9 cases), intradermally with extension into subcutaneous tissue (13 cases), or predominantly within subcutaneous tissue (3 cases). Ulceration with granulation was found in 1 case. Other nonspecific epidermal changes included acanthosis and basal layer hyperpigmentation.
The main infiltrate generally assumed a nodular or diffuse pattern with indistinct infiltrative margins. Occasionally, collagen fibers divided lesions into multiple lobules. Varying numbers of proliferative polygonal histiocytic cells [Rosai-Dorfman (RD) cells] were embedded in a mixed, florid inflammatory infiltrate comprising lymphocytes, plasma cells, and neutrophils. RD cells arranged as clusters or sheets in 18 cases, whereas sporadic distribution was noticed in 7 cases, giving a starry sky in appearance (Fig. 7) . The pathognomonic RD cells had abundant granular and palely eosinophilic cytoplasm with feathery borders and medium nuclei. Yet, the most important feature was phagocytosis of intact lymphocytes, plasma cells, and polymorphonuclear leukocytes within the cytoplasm, a process termed as ''emperipolesis'' or ''lymphophagocytosis'' (Fig. 8) . Besides, oval to spindle-shaped histiocytic cells without emperipolesis were hidden in lymphoid aggregates. Multinucleated histiocytes and vesicular nuclei with prominent nucleoli were sometimes identified. In addition, RD cells in 2 cases exhibited nuclear atypia with few mitoses (Fig. 9 ) and large polygonal typical RD cells were contained within dilated vascular spaces in dermis of 3 cases (Fig. 10) . It was more intriguing to find multiple foci of localized Langerhans cell histiocytosis (LCH) displaying grooved, kidney-shaped, or coffee bean-shaped nuclei, intermixed with grouped eosinophils in dermis of case 7 ( Fig. 11 ).
Patch and bandlike infiltrate of numerous mature plasma cells around glands and vessels was a constant feature in all cases (Fig. 12 ). Germinal center was formed in 9 cases. Neutrophils existed in all cases to a variable degree with 2 cases forming microabscess (Fig. 13 ). Four cases were remarkable for a sclerotic fibrous stromal response, with 2 appearing as vague storiform pattern (Fig. 14) . Aggregation of S-100-negative but CD68-positive xanthomatous macrophages was observed in 2 cases (Fig. 15 ). Thickening venules with endothelial hyperplasia occurred in 9 cases and increased vascularity was noted in 8 cases. Lobular panniculitislike infiltration along with secondary vasculitis was found in 7 cases with subcutaneous involvement (Fig. 16 ).
Immunohistochemical Findings
In all cases, RD cells showed strong diffuse cytoplasmic and nuclear staining for S-100 protein ( Fig. 17) , which stressed the emperipolesis. CD68 and lysozyme were expressed to a variable degree. In accordance with histopathologic findings, oval histiocytic cells with grooved, kidney-shaped, or coffee bean-shaped nuclei were positive for CD1a (Fig. 18 ), which confirmed localized LCH within CRDD. Besides, CD1a was negative in all the other 24 cases. Further immunohistochemistry stained with CD3, CD45RO, CD20, and 
Treatment and Follow-up Course
Follow-up information was available for 22 patients, ranging from 2 to 55 months with a mean of approximately 19 months. The patients received various therapies including surgical intervention, use of antibiotics, systemic or topical steroids, isotretinoid, diaminodiphenylsulfone, interferon, and cryotherapy, but surgical excision of skin lesion was the exclusive effective treatment. Nine patients underwent total resection, among whom 7 had no local recurrence and were free of disease. Of the remaining, one had recurrence at the original site and the other had new papules appearing at the distant anatomic site. Partial or complete spontaneous remission was achieved in 7 of 22 patients after 6 to 55 months of follow-up. Persistence or slowly growing was observed in the remaining 6 patients irrespective of treatment. At the time of diagnosis or during follow-up, all the patients were in good health without extracutaneous involvement or other associated disease, such as uveitis, immune deficiency, etc.
DISCUSSION
Classic SHML, or systemic RDD, frequently appears with painless, bilateral lymphadenopathy in children or young adults (mean age: 20.6 y), with a male predominance (1.4:1). Black and white are more likely to be affected than Asian. Extranodal infiltrates, which occur in approximately 43% of patients, have been documented in almost any organ, such as skin, nasal/ paranasal sinuses, eyelid/orbit, salivary glands, upper and lower respiratory tract, central nervous system, kidney, and bone. [3] [4] [5] 12 Skin is the most frequently affected extranodal site in RDD, but primary cutaneous RDD without lymphadenopathy is rare. Kroumpouzos and Demierre 14 reviewed 27 cases of CRDD published between 1978 and 2002. In their case review, white females were more likely to be affected and only 2 patients were Asian. The first large comprehensive analysis of 22 cases of CRDD was presented by Brenn et al 2 in the same year, which indicated a marked Asian and white predominance. Then, Lu et al 15 reported their 21 cases of CRDD from 1995 to 2003 in Taiwan. Ethnic background of our study together with Lu's confirmed that, regardless of its rarity, CRDD is more prevalent in Asian. Clinical profiles of CRDD are broadly different from classic SHML. Patients with CRDD are generally in normal health, without fever, malaise, night sweat, or other associated immune deficiency symptoms. Laboratory abnormalities including leukocytosis, anemia, polyclonal hypergammaglobulinemia, elevated erythrocyte sedimentation rate, positive rheumatoid factor and altered serum complement levels are usually absent. These features are basically in keeping with our patients. In our series, the mean age of 25 patients was 47.5 years and males outnumbered females by a ratio of 1.8:1. Extremities were the most commonly affected site, followed by trunk and face, in contrast to Brenn's and Lu's findings. Anterior uveitis, which may indicate systemic RDD with skin and orbital involvement rather than true CRDD, was not found in our patients. Pain of wrist and shoulder existed in 1 male patient, but laboratory data including negative rheumatoid factor and antinuclear antibody indicated no immune-mediated disease. Most demographic and clinical features compared with those large series of CRDD are summarized in Table 2 . 2, 14, 15 Manifestations of CRDD have a wide clinical spectrum. The most common presentation was a cluster of slowly growing, discrete papules and/or nodules, with red or purple discoloration. Erythematous plaques with Plane hyperpigmented plaque with a palpable infiltrated edge was another uncommon variant in our series. Notably, the peculiar manifestation was the dome-shaped, exophytic tumor with central ulceration, which has never been portrayed in the world literature. Different types of presentations can occur in the same patient and cover wide anatomic sites, depending on the depth and duration of lesions. In addition, distinction between CRDD and systemic RDD with skin involvement cannot be made merely on the basis of clinical lesional feature and/or histopathologic morphology. 2, 7 Owing to its variable appearance, lymphocytoma cutis, deep fungal infection, vasculitis, panniculitis, dermatofibroma or dermatofibrosarcoma protuberans, sarcoidosis, tuberculosis cutis, and other cutanenous histiocytoses including LCH, generalized eruptive histiocytoma, xanthogranuloma can be confused with CRDD clinically. 14, 25, 29, 31, 36 According to 39 lesions in 25 patients, we firstly propose 3 main types of clinical manifestations: papulonodular, indurated plaque, and tumor type, to facilitate better understanding and recognition for CRDD.
We demonstrated the nodular/diffuse pattern of lymphoid aggregates as main histologic pattern. RD cells can either scatter or gather as clusters or sheets in a dense infiltrate of lymphocytes, plasma cells, and neutrophils. Binuclear and multinuclear Toutonlike histiocytes are sometimes noted, but cellular pleomorphism with nuclear atypia and mitoses is rare. Emperipolesis or lymphophagocytosis is a useful criterion, yet not specific for diagnosis of CRDD, as it can be seen in reactive and neoplastic processes. 20, 25 Uncommonly, numerous intracytoplasmic inflammatory cells may shield the nuclei of histiocytic cells from identification, giving a bean bag appearance. Positivity for S-100 protein can facilitate the search for scattered emperipolesis, as it allows the outline of the individual histiocytes to contrast with the negative image of the phagocytized cells. Large typical histiocytes within dilated vascular space in dermis has been stressed as one additional criteria for CRDD. 7, 21 Clusters of numerous mature plasma cells were consistently found in all our lesions, and it has also been regarded as a helpful diagnostic clue. In the cases located predominantly in subcutaneous tissue, superficial biopsy often exhibits patchy or interstitial infiltrate of plasma cells around appendices and vessels intermingled with lymphocytes but no RD cells. This morphology with clinical correlation of plane plaque usually necessitates repeated deep incisional biopsy for the diagnosis of CRDD. In addition, crystal deposition has been identified in the cytoplasm of plasma cells and more rarely in the cytoplasm of histiocytes by Motta et al, 20 but its relationship with development of CRDD is still unclear. Variable degree of fibrosis may be present in some lesions. Wang et al 36 found the mean duration of lesions showing fibrosis was 16 months, whereas that of lesions showing no fibrosis was 6 months. This is not completely consistent with our cases, for sclerotic fibrosis was evident in 2 of our cases with 6 months duration. Therefore, it is possible that the heterogeneous individual response to disease combined with duration determines the degree of fibrosis. Aggregation of foamy histiocytes was seen in 2 of our cases. This xanthomatoid change was deemed as a regressing phenomenon by Quaglino et al 25 and Wang et al. 36 It is hypothesized that S-100 negative foamy histiocytes may be derived from ''ageing'' RD cells through a degenerating process.
The histologic differential diagnosis of CRDD is complicated and important, as indicated by the wide variety of submitted diagnosis in previous reports. Xanthohistiocytic disease and CRDD contain sheets of histiocytes accompanied by varying numbers of inflammatory cells, but the former usually has a S-100-negative heterogeneous cell population including multinucleated and Touton-type giant cells and xanthoma cells with no emperipolesis. Besides, a modest number of inflammatory cells are present in xanthohistiocytic disease, consisting of both acute and chronic inflammatory cells, especially eosinophils. 38 For the similar expression of S-100 protein, malignant histiocytosis and LCH should be differentiated from CRDD. Emperipolesis is absent in both malignant histiocytosis and LCH. Furthermore, malignant histiocytosis exhibits marked cytologic atypia and a high mitotic activity. LCH can be verified by CD1a-positive immunophenotype and Birbeck granules. 24 Although reticulohistiocytoma has been rarely reported to express S-100 protein, the cytoplasm of the proliferative histiocytes in reticulohistiocytoma shows a prominent ground glass appearance with well-defined cell membranes, and contains abundant periodic acid Schiff-positive, diastaseresistant material. 2, 17, 21, 23 Few plasma cells can be identified in the lighter inflammatory infiltrate of reticulohistiocytoma. These features can help to avoid confusion with CRDD. In regard to the diffuse and florid mixed inflammatory infiltrate, the distinction between CRDD and inflammatory pseudotumor should be emphasized, as the former may be associated with immunologic abnormalities and recurrence. Clinically, cutaneous inflammatory pseudotumor usually presents as a solitary nodule, in contrast to satellite or confluent papules of CRDD, and it can be completely cured with local excision. S-100 staining can highlight the emperipolesis and assist to confirm the diagnosis. In addition, the presence of storiform growth pattern in CRDD can be misleading and might suggest a diagnosis of fibrohistiocytic lesions, such as benign fibrous histiocytoma or dermatofibrosarcoma protuberans. 2, 19 Thoroughly searching for sparse emperipolesis and taking note of numerous plasma cells at the periphery of lesion together with S-100 protein stain will help to establish the correct diagnosis of CRDD.
Localized LCH existing within CRDD is an extremely rare phenomenon, first described by Wang et al 35 in 2002. For the macrophage-related derivation of RDD and the antigen-presenting cell origin of LCH, RDD and LCH may represent 2 clinical variants with clear morphologic divergence in the wide spectrum of histiocytic disease. The precursor cells of both RDD and LCH originate and proliferate in bone marrow, and undergo different morphologic, immunophenotypic, and functional modifications. 18, 22 However, similar monokine expression profiles and overlapping expression of S-100 and surface cathepsin D and E antigens support a common cytokine-mediated pathogenetic mechanism for RDD and LCH and imply that they are more likely to be related disease of monocyte-macrophage lineage than a result of coincidence. 9, 22 Owing to its rarity, it still remains to be elucidated whether this combination represents a peculiar histiocytic disorder with de novo binary differentiation or a reactive proliferation of Langerhans cells in the milieu of CRDD.
CRDD generally follows a benign clinical course with a very small risk of developing systemic involvement. Three phases comprising growing, full-blown, and regressing phases have been demonstrated in the evolution of CRDD. Spontaneous regression tends to occur over months to years regardless of various treatments, as evidenced by 7 of our patients in the follow-up course ranging from 6 to 55 months. Neither pleomorphism of histiocytes with few mitoses nor coexistence of LCH seems to worsen the prognosis, for our patients with these features were either free of disease after resection or undergoing the course of spontaneous resolution. Despite recurrence occurring in few patients, surgical intervention remains to be the most effective modality of treatment, especially for management of solitary or localized lesions. Some patients have been documented to respond to radiotherapy, cryotherapy, chemotherapy, and isotretinoin. 1, 4, 11, 14, 24, 33 High-dose (300 mg/d) thalidomide has been reported to control the extensive cutaneous disease, 15, 32, 34 if the patient can tolerate its adverseeffects. Because subsequent systemic involvement and associated immune-mediated disease have been reported, 15, 26 longer follow-up periods are required for our patients.
In summary, the current study represents the largest comprehensive analysis of CRDD. CRDD is a unique entity distinct from systemic RDD both clinically and histologically, with a predominance of Asian. Three main types of skin lesions we proposed may provide a diagnostic hint, correlating with the histologic picture. Recognition of the typical polygonal histiocytes with emperipolesis and numerous plasma cells, combined with stains for S-100 protein is the most important feature in allowing correct diagnosis. Owing to its favorable outcome and spontaneous resolution, CRDD should not be confused with other benign or malignant lesions. Further studies are needed to explore the definite etiology and corresponding therapy methods for this distinct entity. 
